. Archives of Disease in Childhood, 51, 91. Defective opsonization: a common immunity deficiency. Serum opsonization of yeasts for phagocytosis by normal polymorphonuclear leucocytes was defective in 11 of 43 children with unexplained frequent infections. The children had a range ofinfections, largely bacterial, and only 3 had diarrhoea and rash in infancy. A similar defect in at least 6 of the 9 mothers of these children (of either sex), with normal function in the fathers, suggests that the defect was primary and was transmitted by an unusual form of dominant inheritance.
Four of 72 healthy adults and 1 of 11 children with unrelated disease showed similar defective function, but the incidence of the defect in the patients with frequent infection was significantly greater than this. The defective function can be corrected, in vitro and in vivo, by normal plasma at concentrations too low to be effective alone. This suggests that there is a defective factor rather than an inhibitor, and that different factors are limiting in normal and in defective plasma. Sera from affected members of the same family do not correct each other, but defective sera from different families usually do.
The first immunodeficiency described was of opsonization. In 1904, Wright and Douglas reported that the serum of subjects with frequent staphylococcal infection failed to opsonize staphyloccus for phagocytosis by normal polymorphonuclear leucocytes (PMNs). They claimed improvement occurred after immunization. We are aware of no further work on individual variation on this, perhaps the most important mechanism for specific antibacterial immunity, until Miller et al. (1968) reported an association between a syndrome of infantile exfoliative dermatitis, diarrhoea, and frequent infections, and a defect of serum opsonization for PMN phagocytosis of killed bakers' yeast, a system described by Brandt (1967) . Miller et al. (1968) reported that both symptoms and function could be improved by plasma infusions. We reported a family with such a defect, affected members of which had symptoms ranging from death in infancy through chronic osteomyelitis to excellent health, so it is clear that such defects could underly a wider range of symptoms than those Miller described (Scott et al., 1975) . We have therefore studied children with frequent bacterial infections Received 8 May 1975. suggestive of a defect of the antibody-complementphagocyte system (Soothill, 1975) , for which no obvious explanation had been detected.
Opsonization is a complex function, involving at least antibody and complement. Since yeast and the yeast extract zymosan activate complement directly through the alternative pathway, it is likely that the yeast assay will not be dependent on the antigenic experience. We have therefore used it rather than Wright's staphylococcal assay for diagnosis, though we have also made some observations with staphylococci. We have made similar studies of the parents to confirm a familial abnormality and so to exclude the possibility of a defect secondary to the infection. We report 11 families with such a defect.
Materials and methods
Opsonization was measured by counting heat-killed yeasts phagocytosed by normal leucocytes in the presence of the patient's or control serum (Miller et al., 1968) . Leucocytes were separated from heparinized blood by dextran sedimentation, centrifugation at 200 g, washing, and resuspension in normal saline at 5 x 108/ml. Bakers' yeast was suspended in normal saline, heated in a water bath at 100°C for 30 minutes, filtered through gauze, and resuspended in saline at 1 x 109 particles/n-l.
Venous blood was allowed to clot at room temperature and serum was separated within 3 hours. If the test was not carried out within 8 hours of collection the sera were stored at -70°C.
Serum was diluted 1 in 10 in saline. To 0 1 ml of this, in a 2-5 ml stoppered plastic tube, 0-2 ml of the leucocyte suspension and then 0-1 ml yeast suspension were added. The tubes were rotated on a Matburn mixer in a 370 incubator for 30 minutes. The tubes were centrifuged for 5 minutes at 50 g, the supernatant was removed, and the deposit was resuspended in one drop of saline. A spread drop was dried on a slide and stained by the May-Griinwald/Giemsa method. 50 neutrophil polymorphonuclear leucocytes were identified in areas where they were close, but not clumped. The number of yeasts in each was recorded (0-7 or >7), and the phagocytosis index-the mean (and median) number of yeast particles per polymorphwas determined. Duplicate tubes were set up from each of which duplicate slides were prepared (with rare exceptions) and serum from a healthy subject was run as a positive control with each batch. Miller and Nilsson (1970) described a modification of this method, using Hanks's solution instead of saline and preincubation of yeasts with diluted serum before adding the polymorphs. We have compared the two methods and found that the latter gives higher values, but they ranked similarly. As we had used the original method for the control series, we have used it throughout this study. In some experiments reconstitution (mixing 0 05 ml of each of two 1 in 10 diluted sera), or addition (0 05 ml of 1 in 5 dilution of each serum) was done, and opsonization measured as above. Opsonization of staphylococci was measured by the method of Quie et al. (1966) using normal polymorphs prepared as above. PMNs, bacteria, and test or control sera were incubated for 20 minutes. The PMNs were centrifuged, washed three times, disrupted, and the bacteria were counted by the pour plate method.
Immunoglobulins G, A, and M, C3, and Factor B were measured by a modification of the radial diffusion method of Mancini, Carbonara, and Heremans (1965) using pooled sera from healthy adults as secondary standard, calibrated for immunoglobulins with the international reference preparation. Antisera to IgG, A, and M were from Wellcome Reagents Ltd, to C3 and GBG from Hoechst Pharmaceuticals Ltd. IgE was measured by a modification of the double antibody procedure (Gleich, Averbeck, and Swedlund, 1971) and results expressed as IU/ml. Total haemolytic complement, and the complement components were measured by the method of Lachmann, Hobart, and Aston (1973) .
Results Fig. 1 shows the yeast phagocytosis index for sera from 72 healthy adults, 35 females and 37 males. They were 29 laboratory workers and 43 friends of parents of children with leukaemia (Till et al., 1975 prising: 4 (all well, 3 female including 2 laboratory workers) gave very low values. The distribution of the rest was consistent with a Gaussian one, and there is a gap between them and the 4 low ones. Repeated samples from these 2 laboratory workers gave consistently low values on repeated determinations. Omitting these 4, the female values were lower than the male ones, but the difference was not significant (t = 1 *86, P> 0*5, 2-tail test). Means and standard deviations (SD) for the group (excluding the 4 low values) are shown at Fig. 1 . We use mean -2 SD from these values, i.e. 2 5, as our lower limit of 'normal' for diagnostic purposes. Values for 11 children, ages ranging from 1 to 15, in hospital for noninfective surgical diseases, showed a similar distribution with one value less than 2-5 (0-14); the mean omitting this value was 3 91. Serum from Dr. Miller's patient: 2-02, 2-18. We have measured yeast opsonization on sera from 43 children with frequent infections not explained by conventional tests. 10 gave values lower than this range, and one, who gave a value slightly above this limit (though well below the parallel control) is also included because she had already received plasma infusions, and 3 other members of her family gave abnormal values (Scott et al., 1975) . The incidence of the defect is greater in the infected children than in either the healthy adults (X2=7-8, P<0 01) or the children with surgical diseases (X2=0 -78, P <0 -5).
Neither parent of Case 7 (Table I) was available for study; nor was the father of Case 11, or the mother of Case 6. The values for the 9 fathers studied did not differ from those of the male controls (t=0 96, P> 0*15, one-tailed test) or from the control sera run in parallel (t=0 263, P> 0 49, paired t-test, one-tail), and all were above the diagnostic value. The 9 mothers gave values significantly lower than the female control series (t=5.8*, P<0*001, one-tail test); 6 were below the diagnostic level and 2 more were considerably lower than the control samples studied in parallel. The mothers gave values significantly lower than the fathers (t=4 24, P<0-001, two-tail test), and not significantly different from the affected children (t=2 * 59, P> 0* 35, two-tail test).
The main clinical features of these 11 children are shown in Table I . The infections were found mainly in the skin and the respiratory tract, and staphylococci were most frequently cultured. Other features included generalized rash 5, diarrhoea 5, mental defect 2, fits 3, and bone infection 2. Case 1 died with histiocytosis (Scott et al., 1975) , and Case 10 with intestinal perforation and epidermolysis bullosa, which was probably coincidental; the perforation and the defect were diagnosed rapidly on admission, but he remained too ill for laparotomy in spite of plasma infusions, etc. The mothers were well, except the mother of Case 3 had a possible increase of skin infection, occurring when her son had infections, and the mother of Case 8 had very severe and persistent local reactions to wasp stings.
Sera of 5 of our children, 3 of the mothers, and 1 of the healthy laboratory workers with defective yeast opsonization, and serum of Dr. Miller's patient were used for opsonization of staphylococci. The mean number of organisms counted in normal polymorphs after opsonization with these sera was 1 *28 x 105 (range 1 *08 x 105 -1 * 56 x 105) similar to that for the parallel healthy control serum (1 3 x 105), and higher than the mean of ten sera from healthy donors done in other batches (9* 5 x 104).
Serum from a healthy subject with normal yeast opsonization, from one of the patient's mothers, and from a healthy laboratory worker giving low values, were studied in doubling dilutions from neat serum (10 times the usual amount) to 1:128 (Fig. 2) . Little or no opsonizing activity was detected in any sera at 1:128, but above this the difference was observed throughout the range of dilutions.
Miller et al. (1968) described correction of the defect in vitro by addition of normal serum, even at a dilution which had no opsonization function itself. We have confirmed this (Table II) 
Control
The Table comprises 9 symptomatic children (see Table I ) and their and other's relatives are indicated by the symbols M =mother, GF=grandfather, and GGM =great grandmother, an affected laboratory worker (X), and a healthy control.
Values are also given of mixtures of sera (upper figure) and the mean of the values for the two mixed sera (lower figure). Mixtures of 2 family members are underlined. from different families, including one of the healthy adults with this defect, were mixed, correction occurred; all 83 mixtures gave greater opsonization than the mean values of the unmixed sera, and only 5 gave values <20% greater; all of these 5 involved the serum of one boy whose parents were not studied, and a girl and her mother. The simplest explanation of this is that most of these families have different defects, but altemative explanations are possible (see below).
Such correction by normal plasma occurs in vivo too, as described by Miller et al. (1968) . This was the probable explanation of the relatively high values in our first patient (Scott et al., 1975) , who had already had plasma infusions when first studied, and values increased further when more plasma was infused. Only 2 of the other patients were ill enough to warrant plasma infusions. One died so quickly that effects could not be assessed; the other (Case 8, aged 2 years 5 months) had had a discharging mastoid wound for many months which stopped discharging after infusion of 3 units fresh frozen plasma, though discharge recurred with a diarrhoeal illness a few days after the last infusion, so any benefit was very brief. Opsonization tests on his serum showed definite and cumulative increase with the infusions (Fig. 3) . The decay of the activity was consistent with a 5-0- (Table VI) . Discussion These 11 children confirm the deduction, drawn from our first family (Scott et al., 1975) , that defective yeast opsonization can be associated with frequent infection, without neonatal exfoliative dermatitis and diarrhoea, the syndrome described by Miller et al. (1968) , and the symptoms need not be severe. We have not encountered other forms of neoplasm besides the histiocytosis seen in our first child (it is not certain that this is a neoplastic process) or chronic infections in adult members of the families besides the chronic osteomyelitis leading to amputation in her affected grandmother.
The high incidence (4 in 72) of similarly defective function in healthy adults and in children with irrelevant illnesses suggests that either the incidence in the children with recurrent infection was a chance one, or the defect is important in common disease; since the incidence was significantly greater in the children with unexplained frequent infection than in the control population, the first possibility is unlikely. Further work is therefore needed to investigate the significance of this heterogeneity in the aetiology of common infection, immunopathology (including cerebral disease), and neoplasia. We failed to detect the defect in families of children with leukaemia (Till et al., 1975) . It is another example of presumed genetically determined variation of immunity function, of potential disease significance, occurring within the conventional 'normal range', as we have shown for IgA deficiency and atopy (Taylor et al., 1973) . The observation of similarly defective function in the mothers, who were mainly healthy, supports the view that the abnormality is the cause and not an effect of the infections, and that it is genetically determined. The affected children of either sex apparently got it only from their mothers since the fathers were all normal. This indicates a dominant inheritance defect of an unusual kind. A possible mechanism for the failure to detect children acquiring it from their fathers wiU be presented later, but that fathers can transmit this defect was shown in our first family (Scott et al., 1975) , since the maternal grandfather apparently transmitted the defect to his symptomless daughter, the patient's mother. Miller also detected abnormality in the mothers only of his 2 patients (Miller et al., 1968; Jacobs and Miller, 1972) , though he reported low values in other relatives on both sides of the family, which is even more difficult to interpret.
The infections these children had were mainly bacterial, especially staphylococcal; they usually involved the respiratory tract and skin, as in other defects of the antibody-complement-phagocyte pathway. Bone infection, meningitis, mental defect, and fits also occurred. 3 patients died, but the rest seem to get less infection as they get older. Wright's demonstration of defective staphylococcal phagocytosis in common staphylococcal skin infections (Wright and Douglas, 1904) is apparently similar, but we failed to detect defective staphylococcal opsonization in our patients, using a different technique from his. The mothers were mainly symptomless, but the mother of Case 3 often had skin infections when her son did, which may have been effects of both environmental and genetic predisposition; the mother of Case 8 had severe persistent reactions to wasp stings. We expected that the frequent infections in the younger brother of Case 4 would be due either to a similar defect, or to a repeated contact with his brother's infections, and we were surprised to find hypo-y-globulinaemia. His symptoms have cleared, and though the immunoglobulins remain low, we suspect that he may have transient immunodeficiency. This may be a coincidence, but an aetiological link is possible (see later).
The nature of the defect is still unknown. Miller and Nilsson (1970) suggested that it was a functional abnormality of C5 in spite of normal haemolytic complement values, as occurred in our patients, because they found that purified C5 could correct the defect in vitro, as would normal mouse serum but not C5-deficient mouse serum. Since then homozygous C5 deficiency has been reported in man, and yeast opsonization by such serum is normal (Rosenfeld and Leddy, 1974) .
We chose the yeast assay because yeasts activate the alternative pathway of complement directly (Gutze and Muller-Eberhard, 1971) , so variation of antigen contact would be relatively unimportant.
We suspect that the defect lies in the alternative pathway of complement (we have some unpublished circumstantial evidence for this), but that the assay detects both alternate pathway and classical pathway activity. The correction of the defect by normal serum preparations too dilute to opsonize themselves, also shown by Miller and Nilsson (1970) , points strongly to the defect being a missing factor and not an inhibitor, and that different factors are limiting in the two preparations. This can explain why infusions of a relatively small volume of plasma can have such a large effect on the plasma opsonization activity. This, and the reasonable half-life of 4 or 5 days (this is falsely short since dilution into extravascular space will be occurring during the time of study) support the claim of value for plasma therapy reported by Miller et al. (1968) . It should certainly be considered in acute infections in such children, but the fact that the children in this series have either died, or been in reasonable health has meant that prolonged prophylactic infusion has not been indicated, in our view. Symptomatic children with this defect will probably benefit from the increased awareness and general measures appropriate for management of immunodeficient children (Soothill, 1975) and this may well reduce the incidence of permanent disability at the stage when they largely grow out of their infections.
The strangest of our results are the inheritance, and the intercorrection between (but not within) families. The latter superficially suggests that we are studying 12 different defects, but the other similarities, and the limited number of known opsonizing factors makes this unlikely. An alternative hypothesis, which might explain both of these observations, could have important preventive implications. It is likely that the assay system can detect opsonization by antibody and classical pathway, as well as by the alternative pathway. Antibody is heterogeneous, even to simple antigens, and there are considerable individual differences in the antibody response to a single antigen, some of them genetically determined; these are likely to be especially marked in the antibody to a whole organism, and especially to bakers' yeast, which are probably mainly cross-reacting antibodies. There is evidence that complement may have a role in the afferent limb of the antibody response (Feldman and Pepys, 1974) and that, besides its well known negative effect, passively transferred maternal antibody may also have a positive role in the initiation of the antibody response (Segre and Myers, 1964 it is possible that injection in such children of pooled IgG or plasma at birth could prevent symptoms permanently. The tendency for infections to improve in these children with age may represent a gradual development of the antibody response, so that a wide range of antibodies become available to activate the classical pathway. Perhaps the alternative pathway is specially important for immunity in the period of physiological hypo-yglobulinaemia, when maternal antibody has decayed, and before the child has been primed to a wide range of infections. An alternative explanation for the inter-family correction is that antiallotype systems in the different serum samples is leading to sufficient classic pathway activation so that sufficient C3 is deposited on the yeasts as innocent bystanders, that they can be opsonized through C3 feedback pathway.
Most of the affected children had normal or high serum immunoglobulin concentrations and the opsonization test was normal in children with immunoglobulin deficiency. The observation of transient immunoglobulin deficiency in one of these children (Case 5) and the brother of another (Case 4), and possibly the thymus abnormality of Case 1, supports the view that there is some link between the defect and the development of the specific immune response.
A simple test has shown a common variation of human immunity function, which is sometimes important in health. This may be similar to that described by Wright and Douglas 70 years ago. Clinical value can be immediately gained from these results, but the full practical and theoretical possibilities deduced from it depend on identification of the defect and its experimental investigation. 
